In assessing the riskiness of a mortgage loan, one of the primary underwriting criteria used by lenders and one of the macro-prudential measures used by policy makers is the LTV ratio at the time of origination. This ratio is critical because it determines the probability of a default and the magnitude of the loss the lender will face in the case of a default. In this paper, we address mortgage default from a new perspective: instead of focusing on the overall property value, we separate land value from building value, and focus on the role of land share of the overall property value as a determinant of default risk. Using new property level data for properties sold in Orange County, California, between 2005 and 2015, we show that when land share increases by 10 percentage points, the probability of default increases by 1.54 percentage points. The primary explanation is that land value is more volatile than the improvements value. Thus, when housing markets experience a negative demand shock, properties with a higher land share experience a higher default risk. The implication of this result for the players in the mortgage industry and for policy makers is that, in order to have the same default rate, a property with a higher land share needs to have a lower LTV. Our results also suggest that macro-prudential measures on LTV restrictions will be more effective if they focus more on the land component of the property value. Lenders and policy makers can improve performance of mortgage loans if they employ property-specific LTV ratios that are a function of that property's land share, rather than setting uniform LTV standards across properties.
Introduction
There have been significant movements in real estate values in many economies in the past two decades. In the United States, house prices increased by 55% during the period between 2000 and
2006. The following sharp decline in house prices has been widely viewed as a major factor contributing to the 2008 financial crisis. This financial crisis has drawn the attention of participants in mortgage markets and policy makers to the importance of more accurate methods of assessing mortgage default risk.
Previous literature has studied the impact of various risk factors on default risk, such as property attributes, loan terms, borrower's characteristics, and macro-economic variables. One of the critical mortgage default risk factors identified in the literature is the loan-to-value ratio (LTV). Not surprisingly,
LTV is also one of the primary underwriting criteria used by lenders, and one of the macro-prudential measures used by policy makers. In this paper, we address the role of LTV in mortgage default risk from a new perspective: instead of focusing on the overall property value, we separate land value from building value, and focus on the role of land value as a share of total property value as a determinant of default risk.
Since the stock of housing can be used as collateral for borrowing, house price movements and dynamics are crucial for participants in the mortgage market. The value of a property contains values for land and the improvements on it. Land is non-transportable and in limited supply. Benefits associated with land can only be enjoyed at a fixed location. On the contrary, mobility of labor and materials makes it possible for structures to be reproduced. As a result, it is possible that the value of land evolves differently from the value of improvements on it. Indeed, previous studies (Bostic, Longhofer and Redfearn, 2007; Davis and Palumbo, 2008; Houghwout, Orr, and Bedoll, 2008; Nichols, Oliner, and Mulhull, 2013; Kok, Monkkonen, and Quigley, 2014; and Kurlat and Stroebel, 2015) have shown that most of the volatility in the price of a house is due to volatility in the value of the underlying land. This is not surprising, as the value of structures largely reflects the cost of construction (replacement cost less any accumulated depreciation), and, because of the mobility of labor and construction materials, cost of construction does not fluctuate nearly as much as property values do. Building on this, we show that partitioning of house value into land value and improvements value can help better explain default outcomes and mortgage decisions, beyond the explanation that the loan-to-value ratio provides. We argue that when a property has a higher share of land value, the resulting increase in property price volatility leads to a higher risk of default in a down market.
We estimate the impact of land share (Land Value / Total Property Value) on mortgage default outcomes by using a property-level dataset from 2005 to 2015 for about 70,000 residential properties in Orange County, California. We find that when land share increases by 10 percentage points, the probability of default increases by 1.54 percentage points. The implication of this result for the players in the mortgage industry and for policy makers is that, in order to have the same default rate, a property with a higher land share needs to have a lower LTV. According to our results, a 10 percentage point increase in land share needs be accompanied by a 3.62 percentage point decrease in LTV in order to maintain the same default rate. As an example, compared to a property with 40 percent land share and 90 percent LTV, a property with 80 percentage land share needs to have an LTV of approximately 75 percent in order to have the same default rate. This result stems from the fact that land value is more volatile than the value of improvements. Thus, when the housing market goes down, properties with a higher land share experience a higher default risk.
This paper offers the first attempt to focus on the critical significance of land value for mortgage default risk. The results of the paper have implications for lenders and policy makers as they show that incorporating land share of property value into mortgage default analysis would enhance our understanding of mortgage default, help lenders with better pricing of risk, and improve the effectiveness of LTV-based macro-prudential measures adapted by policy makers. Lenders and policy makers can improve performance of mortgage loans if they employ property-specific LTV ratios that are a function of that property's land share, rather than setting uniform LTV standards across properties. Such an adjustment to LTV would also eliminate the subsidy provided by low-land-share borrowers to high-land-share borrowers under the current LTV policies that overlook the importance of land share for default risk.
Given the significant damage that asset price bubbles can cause in the real economy, a crucial question faced by central banks is whether or not monetary policy should react to excessive changes in asset prices. On the one side of the question, some economists (e.g., Bernanke and Gertler, 2001, and Greenspan, 1999) argue that central banks should not respond to asset prices unless these prices impact inflation expectations. According to this argument, central banks should get involved only after the bubble bursts in order to reduce the resulting economic and financial damage. On the other side of the question, some economists (e.g., Cecchetti, et. al., 2000) argue that central banks can improve macroeconomic performance by responding to excessive asset price movements. 1 One obvious challenge for central banks is that asset price bubbles can be very difficult to identify, and central banks are likely to face strong criticism from politicians and the public for fighting "increasing" asset prices. However, it is important to emphasize that the problem is not with increasing asset prices per se. Rather, the problem is with the economic damage that excessive asset price movements inflict. The severity of the economic damage depends largely on the involvement of the lending industry in financing the purchase of these assets at inflated prices. Asset price booms and busts can and do occur without lending; 2 however, lending turns an asset price bubble into a financial crisis, and into a much bigger economic crisis. 3 The consensus among the economists before the financial crisis was that monetary policy should focus on price stability and should not pursue curbing financial excesses as an additional target. However, the consensus has shifted following the financial crisis. The financial crisis confirmed the need for macro-prudential policies to prevent the build-up of excess real estate financing (Blanchard et al. 2010) . Macro-prudential tools specifically targeting mortgage financing have become very common (Mian and Sufi, 2009 ). Many countries have imposed restrictions on the Loan-to-Value (LTV) or Debt-to-Income (DTI) ratios of originated mortgages (IMF, 2013) . The current paper contributes to this literature by establishing the critical importance of land share for mortgage default probability, and shows how the loan-to-value ratio needs to be adjusted to improve its effectiveness as a macro-prudential measure to curb excessive leverage in housing markets.
1 There is a growing literature on this debate. Recent examples include Airaudo, Cardani and Lansing (2013), Chen, Cheng and Chu (2014) . Kajuth (2010) and Nutahara (2015) .
2 Recent experimental studies have obtained boom and bust cycles for asset prices even in very simple trading environments where there is no borrowing and there is very little or no uncertainty about the future dividends (as examples, see Smith, Suchanek and Williams, 1988; Lei, Noussair and Plott, 2001; and Ikromov and Yavas, 2012) .
3 Consider the extreme case where all property purchases are done with 100% cash. An asset price bubble in such a property market will still cause misallocation of resources. However, there will be little, if any, impact on the banking sector and financial stability, and the degree and the duration of the impact on the rest of the economy will be much smaller than that of a similar asset price bubble in a highly leveraged property market. There is also ample evidence that leverage can be an important contributor to an asset price boom, and thus leverage and inflated house prices can feed into each other (Mian and Sufi, 2009 and 2011) .
Ideally, LTV adjustment should be a function of the price volatility of each individual property.
However, measuring the price volatility at property level is often very difficult or impossible. In this paper, we propose land share as a more practical alternative for two reasons: land share has already been shown to be a good proxy to capture price volatility, and land share is much easier to measure than price volatility.
The rest of the paper is organized as follows. The next section reviews the literature and explains our motivation to use land share to study mortgage market dynamics. Section 3 discusses the unique, property-level dataset for the Orange County, CA, area that we use for the analysis. Section 4 lays out the empirical test and results of our study. Section 5 concludes.
Literature Review
It is important to separate the bundle of housing goods into structures and land. Structures provide shelter and have a relatively elastic supply while land has inelastic supply and generates utility because of its particular location. The locational amenities are typically capitalized into the value of land but not the value of the physical structures on that parcel of land. 4 It is relatively easy to reproduce a structure, given the mobility of labor and materials while the land supply is fixed in most residential areas. The mobility of labor and materials results in similar construction costs within and across housing markets. Thus, when there is a positive demand shock for housing, the price of structures will not react, due to a relatively flat supply curve, while the price of land will increase, due to a steep supply curve. Similarly, the land value will be more responsive than the improvements value when there is a negative demand shock. Thus, asymmetric appreciation across properties must arise from the asymmetric reaction of land values. In other words, land value must be more volatile than improvements value in any given housing market.
The importance of decomposing property value into land and structures has already been highlighted by a number of papers in the literature. Bostic, Longhofer, and Redfearn (2007) , using data from Wichita, Kansas, show that properties with a higher land share will have a stronger price reaction to the same economic shock. Using a nationwide data set, Davis and Heathcote (2007) (2015) also report that houses with a larger land share in total value move more in the direction of the market, both when prices increase and when prices decrease. Sirmans and Slade (2012) compare land price volatility across land uses and find significant differences, with residential use exhibiting the most volatility.
Davis, Oliner, Pinto, and Bokka (2014) use property level data from Washington, DC, to show that land prices were more volatile than house prices everywhere, but especially so in the areas where land was initially inexpensive. In those areas, the land share of property value jumped during the boom, and this rise in the land share was a good predictor of the subsequent crash in house prices.
However, they also find that house prices were most volatile in areas with low land shares. This is in contrast with the previous studies that reported a positive relationship between house price volatility and land share. They attribute the difference to the fact that previous research examined this question across cities while they examine it within a large metropolitan area.
Using panel data from Hong Kong's housing transactions over the period 1992 -2008 , Wong, Yiu, and Chau (2012 focus on liquidity in real estate markets and land share. They show that properties with a high land value relative to its building value are more liquid, and that the sensitivity of trading volume to real estate price depends on the relative share of land value.
The current paper is also related to a second line of research. There is a vast and growing literature on the determinants of mortgage default. As would be expected, LTV at origination and current LTV, measured as a ratio of current loan balance to current property value, show up as important determinants of default in these studies. Thus, it is not surprising that LTV is used as one of the critical measures of default risk by lenders in their underwriting and pricing decisions of mortgage products. Moreover, central banks and banking regulators in many countries do not feel comfortable with leaving underwriting decisions completely to lenders, and instead choose to impose macroprudential policy measures, including maximum limits on LTV ratios and debt-to-income ratios. In fact, LTV caps on mortgage loans have become one of the most frequently used macro-prudential measures by central banks and banking regulators. 5 The purpose of these measures is to prevent the build-up of excess mortgage financing and to break the link between credit growth, house prices, and financial sector instability.
A related, but equally important, question is whether LTV restrictions are effective. There is a concern that the banking industry and shadow banking institutions often find a way to go around the LTV earlier results on the role of land share in house price volatility, we investigate the role of land share in mortgage default, and examine its implications for the need to revise the LTV cap to increase its effectiveness as a macro-prudential policy measure and as a loan underwriting criterion. To our knowledge, we provide the first evidence that lenders and policy makers need to take land share into consideration in their mortgage underwriting and pricing decisions and in their design of macroprudential policies.
Hypothesis Development and Estimation Strategy
Previous literature has shown that land value is more volatile than improvements value. In other words, price responses to demand shocks are larger for properties with higher land share, holding all else equal. Thus, land risk carries most of the property value risk or collateral risk. The main implication of this finding is that, ceteris paribus, price responses to demand shocks in any given market will be larger for properties with higher land share. In Appendix A, we utilize this finding to build a simple model of mortgage default. In the model, the driving force behind default is the change in house prices. As land value is more volatile than improvements value, properties with a higher land share are likely to suffer a bigger decline in property value in a down market, which in turn induces a higher risk of mortgage default. Using this simple model, we obtain the main prediction of the paper:
Hypothesis 1: All else equal, owners of properties with a higher land share are more likely to default on their mortgage loan.
We then utilize the simple model in Appendix A to show that a higher land share leads to a lower loan-to-value ratio. This prediction is also in line with the theoretical prediction in Harrison, Noordewier, and Yavas (2004) that when default cost is higher, the borrower will choose a lower loanto-value ratio loan: Our empirical analysis uses assessment data to determine the relative valuation of a parcel's land and its improvements. A residential property is included in the analysis if it was sold over the sample period and contained an assessed value prior to the time of sale in recorder's office. Each time a
property is transacted, we track the most recent assessment data before the transaction. Land share is calculated by taking the ratio of the Assessor's land value estimate to total value estimate. This approach allows for broad coverage and is not restricted to new construction.
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We use two-stage least square regression to estimate hypotheses 1 and 2. In the first stage, we estimate the LTV decision and test the impact of land share on LTV decision (Hypothesis 2). We then estimate the default outcome where the estimated value of LTV is included as a predictor, as LTV is likely to affect the default outcome.
(1) ̂
The dependent variable in (1), , is the loan-to-value ratio at origination and the dependent variable in (2), , is a dummy variable that equals 1 for a loan in default and 0 otherwise.
captures land share and is the ratio of land value to property value in the assessment record just before the sale. is a dummy variable that equals to 1 for single-family residential and 0 for 6 As an alternative approach, land value can be estimated by subtracting cost of construction from total value. This approach also requires an adjustment for depreciation in the value of buildings due to aging, wear and tear. Since estimating depreciation is very difficult, this alternative approach is often restricted to newly constructed buildings (e.g., Davis, et al. 2014 is a dummy variable that equals 1 for owner-occupied property and 0 otherwise.
is a dummy variable that equals to 1 if the owner is an individual and 0 otherwise.
We use the vector of physical property characteristics as an instrument for the endogenous LTV decision. The rationale is that these physical characteristics will have an impact on LTV through their effect on property value. The default probability, however, is not expected to depend on the physical characteristics of the property. 
Data
The data used in this analysis has been provided by RealtyTrac and covers transactions in Orange Recorder data also provides loan records, such as loan amount, loan origination time, and lender types. Origination LTV is calculated as the ratio of the loan amount at origination to sale value obtained from recorder data. 7 The loan amount that the borrower is able and/or willing take will depend on his ability, as determined by his income, assets, and mortgage interest rates, to make the monthly payments associated with that loan amount. A more desired vector of property characteristics will improve the value of the property, but not the ability of the borrower to make payments. Thus, a change in property characteristics, for a given income level, could lead to a change in the LTV ratio. This expectation is indeed verified by our empirical results. 8 Condominiums are units in a multi-family residential building where the units in the building are owned individually, rather than the entire building being owned by a single owner or partnership. As in the case of single-family homes, condominiums can be leased or owner-occupied.
As pointed out by Albouy (2015) and Beracha, Gilbert, Kjorstad, and Womack (2016), calculating land share is difficult due to the fact that land values are challenging to measure directly with existing data sources. 9 We estimate the land share of property value with a method that takes advantage of the rich information in our dataset. We track ten years of appraisal history of each property before the transaction date and match the assessor record with transaction data. We measure land share of property value as the ratio of Land Appraisal Value to Total Appraisal Value obtained from the most recent appraisal report provided by the assessor's office. This measure reflects the updated information on land value at the time of mortgage decisions. Assessor data also provides information on property structure characteristics, such as age, square footage, and property type (single family or condominium).
Assessments of property value, land value and improvements value come from assessor data. A potential criticism of using assessor data is that land share is calculated using assessment values, not transaction values, and assessed values can be subject to appraiser bias. Bostic, Longhofer, and
Redfearn (2007) indirectly address this issue. In their study of the land share and house price dynamics in Wichita, Kansas, they conduct their analysis using two alternative methods of estimating land share. One method relies on assessment values. In the other method, they only use data for new construction, where they can observe the sale of a vacant lot prior to the sale of a completed home, thus enabling them to calculate land share based on land transactions data. They find the results to be qualitatively the same across the two methods of calculating the land share.
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It should also be added that systematic appraisal bias, to the extent it exists, is less of an issue for the current analysis. The reason is that the metric of interest here is the land share, relative value of land to total value, across properties. If there are systematic errors in appraisal, this will not impact relative value of land to total value across properties. Another data challenge involves estimating the impact of improvement spending on property price dynamics. Davis and Heathcote (2007) address this issue and show that spending on improvements as a share of home value does not vary much over time and is not systematically correlated with the rate of house price growth.
Default outcome of a loan is flagged as a dummy variable, equaling to 1 if the loan is in default loan and 0 otherwise. We retrieve default information from both the foreclosure data and recorder data.
Foreclosure data records all the foreclosure sales information, while recorder data tracks the information on events related to default. Some loans in default in our sample have simply received a notice of default (NOD) 11 while others reached different phases of foreclosure, including foreclosure notice of trustee (NOT), real estate owned (REO), transfer to guarantor, REO liquidation, foreclosure auction, and inferred short sale.
After deleting observations with missing variables, dropping observations with LTV ratios greater than or equal to one, and excluding observations without updated assessment information prior to sale date, our final sample includes 68,818 transactions. There were 67,698 single-family home transactions and 1,120 condominium transactions. All variables are winsorized at 0.5 percent at both tails for regressions. Table 3 displays the proportion of mortgages issued by different lender types. The majority of the loans in our sample are originated by banks (32 percent), mortgage companies (27 percent), funding/finance companies (18 percent), and federal savings banks (7.6 percent). Table 4 provides summary statistics of some of the key variables, categorized by property type. For the full sample, the average sale price is $706,455, with an average age of 42 years and a living area of 1,756 square feet. The LTV has a mean value of 75.18 percent. The average LTV for a singlefamily dwelling is 75.15 percent, which is lower than that of a condominium (76.58 percent). The fraction of housing value attributed to land is on average 61.05 percent. Single-family dwellings have a higher land share (61.09 percent) than condominiums (58.74 percent). However, this difference pales compared to the fact that the average lot size of condominiums is less than 2.5 percent of the average lot size of single-family homes (122 versus 5,075 square feet). This should not be surprising, as single-family homes are typically built in suburban and rural areas where land is less expensive while condos tend to be built in or close to city centers where land prices are much higher. Table 5 shows the estimation results for our model of LTV at origination. These results reveal significant coefficients for both land share and loan origination year. These estimates indicate that Table 6 reports the marginal effects of determinants of default outcome using a probit model. It shows that land share contributes significantly to mortgage default, supporting our main hypothesis, Hypothesis 1. When land share increases by 10 percentage points, the probability of default increases by 1.54 percentage points. Thus, when there is a negative demand shock, more volatile land value results in a larger decrease in property value, triggering a default outcome. In order to maintain the same default rate, a 10 percentage point increase in land share needs be accompanied by a 3.62 percentage point decrease in LTV. 14 Thus, compared to an area (or property) with 40 percent land share and 90 percent LTV, an area (or property) with 80 percent land share needs to have an LTV of approximately 75 percent in order to have a similar default rate.
Results
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As stated above, the results of Table 5 indicate that LTV ratio, agreed to by borrowers and lenders at origination, already reacts to land share. According to Table 5 , a 10 percentage point increase in land share results in a 0.6 percentage point decrease in LTV. Does that mean that the market already 13 The lower LTV ratio could be due to either borrower's choice or lender's requirement, or a combination of the two. With the data we have available, we cannot separate the two possible sources of lower LTV ratios for higher land share loans.
14 The coefficient of land share divided by the coefficient of predicted LTV in Table 6 , 0.1537/0.4247=0.362, gives the percentage point adjustment needed in LTV for each percentage point increase in land share.
makes the needed adjustment in LTV? According to Table 6 , the market adjustment is much smaller than the adjustment needed (3.62 percentage point decrease) in LTV in order to offset the impact of 10 percentage point increase in land share on default risk. Thus, despite the partial adjustment by the market, incorporating land share into LTV requirements by lenders and policy makers will help improve the default outcome. 
Conclusions
In this paper, we address the role of LTV in mortgage default outcomes from a new perspective:
instead of focusing on the overall property value, we separate land value from building value and investigate the role of land share of overall property value as a determinant of default risk. Using a new property level data for properties sold in Orange County, California, between 2005 and 2014, we show that when the land share increases by 10 percentage points, the probability of default increases by 1.54 percentage points. This result is due to the fact that land value is more volatile than the improvements value. Thus, when the housing market goes down, properties with a higher land share experience a bigger drop in value, hence a higher default risk. This result suggests that, in order to maintain the same default rate, properties with a higher land share need to have a lower LTV. More specifically, a 10 percentage point increase in land share needs be accompanied by a 3.62
percentage point decrease in LTV.
The results of the paper have important implications for lenders in the pricing of default risk. Having a better assessment of default risk is also critical for investors in evaluating the sustainability and riskiness of the leveraged investment projects. Furthermore, our results suggest that macro-prudential policies, such as loan-to-value ratio restrictions, will be more effective if they pay special attention to the land component of the property value, rather than focusing simply on the overall value of the property. Lenders and policy makers can improve performance of mortgage loans if they employ property-specific LTV ratios that are a function of that property's land share, rather than setting uniform LTV standards across properties.
In this appendix, we offer a simple model of mortgage default to show that higher land share will lead to a higher default risk. Consider a competitive lending market with risk-neutral lenders and borrowers. Let L be the loan amount and i be the interest rate. In the first period, the borrower obtains L to purchase an asset of value P 0 , P o ≥ L (unsecured debt is ruled out). In the second period, the borrower sells the asset and pays the lender the loan balance, the principal plus interest, B = (1+i)L.
For simplicity, we will focus on fixed-rate mortgages where i is fixed, hence B is deterministic, though the analysis can be easily repeated for a variable-rate mortgage.
Each borrower has a current income of Y at which he/she qualifies for the mortgage offered. The borrower will enjoy income Y in the second period as well. The only uncertainty that the borrower (and the lender) faces is the uncertainty about the value of the asset in the second period. The secondperiod value of the asset, P , is a random variable with marginal density f(P) and cumulative density F(P ) on the interval [a,z] . Default arises when the realized value of the asset is below the mortgage balance.
To be more precise, the borrower will choose to default if the value of the asset plus the cost of default is less than the mortgage balance: P + C < B. In other words, default will happen if the property value falls enough such that P < B -C. Cost of default can be viewed as the discounted value of the costs associated with default in the second and subsequent periods.
Let δ<1 be the borrower's discount factor. The borrower's utility function is given by:
In the first period, the borrower earns Y and borrows L to make the payment P 0 to purchase the asset.
In the second period, if the realized property value is less than B -C, the borrower defaults, loses the asset to the lender and suffers the default loss C, and thus enjoys the surplus Y-C. 17 If the realized property value in the second period is greater than B -C, the borrower sells the asset for P, pays the lender B and enjoys the surplus Y + P -B. Ownership of the asset generates a certain level of utility for the borrower that makes it worthwhile to obtain the loan to purchase the asset.
At the time of origination, the loan amount and the interest will be such that there will be no default if the property value does not fall. That is, at the current value of P = P o , P = P o ≥ B, which implies P = P o ≥ B-C. Thus, in the case of a positive demand shock, the expected utility of the borrower will be
In the case of a negative demand shock the expected utility of the borrower will be:
Thus, if the negative demand shock is not severe enough (P ≥ B-C), the borrower will avoid default.
Default will take place only if the drop in the property value is such that P < B-C.
What happens if the land share of the property value is higher? Given the higher volatility of the land value vis-à-vis the improvements value, properties with a higher land share will experience a bigger potential increase in the property value when there is a positive demand shock and a bigger potential decrease in the property value when there is a negative demand shock.
If a property has a higher land share, we will capture this by magnifying the shock by a factor of x. We will simply reduce the lower bound a to a-x in the case of a negative price shock, and increase the upper bound z to z+x in the case of a positive price shock. This changes (A2) and (A3) to:
Thus, a higher land share has no impact on the borrower's probability of default if there is a positive demand shock (A2 versus A4), but increases the probability of default if there is a negative demand shock (A3 versus A5). Suppose the probability of a negative demand shock is q while the probability of a positive demand shock is 1-q. It is straightforward to obtain the main prediction of the model, Hypothesis 1.
Proposition 1: For a given q and for any given L and i (hence, B), the borrower is more likely to default when the land share is higher.
The lender's problem is to choose an interest rate, i, to maximize expected profits:
where β<1 is the lender's discount factor. Note that a positive price shock that increases the upper bound from z to z+x will not affect the lender's expected profits (the lender receives at most B, regardless of how high the price goes). A negative price shock, however, will increase the likelihood of a default by the borrower, and hence reduce the lender's expected profits. In a competitive market with zero-profit constraint, this will lead lenders to offer a lower L (lower loan-to-value ratio) and/or a higher i. Lower loan-to-value ratio provides support for our Hypothesis 2. 
